Neuropeptide Y Modulation of Sympathetic Activity in Myocardial Infarction
SUJATA BASU, MSC, SUNIL K. SINHA, BSc, QIMING SHAG MD, PALLAB K. GANGULY, MD, NARANJAN S. DHALLA, PHD, MD(HoNs), FACC Wmnipeg ft4aniroba, Canaah Objoctiws. We examiaed tbe possible e&t of neuropeptide Y in modulating central sympathetic activity after myocardial infarctioninrats.
Pmvio~~ stndtes have sbom the coexistence-of and aorepinepl~ri~ in tke braii aad a possible fIldlOdhltelRaioll~thetWO*N~eptideYiabibits the release of norepinephriae at the presyz@c fevel aad caa be cousfderedtoactasaneaNuaodubstor. Neuropeptide Y is colocalixed with norepinephrine in the braiu and has been identihed in abundance in the central as weU as the peripheral nervous system of many species (l-7). Neumpeptide Y inhibits the release of norepinephrine at the presynaptic level (g.9) and can bc considered to act as a nemomodulator . In the brain, the highest densities ot ncuropeptide Y fibers and perikarya are found in the hypothalamic pamventricular nucleus (14,lS) . Stimulation of the paraventricular nucleus increases sympathetic outflow (16) which precipitates an incmase in peripheral sympathetic nerve activity, as gauged by an elevation of plasma catecholamines in the systemic circulation (17). We sought to investigate how neu- ropeptide Y modulates sympathetic outflow in ditIerent pathcphysiologic conditions. Myocardial infarction in both patients and experimental animal models has been shown to be associated with an increased sympathetic drive (18). However, the reason for hetghtened sympathetic activity and concurrent pathophysiologic findings after myocardial infarction has yet to be satisfactorily explained. The main objective of this study was to examine the hypothesis that neuropeptide Y is involved in ischemic heart disease through altered sympathetic activity in the pamventricular nucleus of the hypothalamus, which is one of the prominent catecholamine-rich cardiovascular centers in the brain. Focusing on the importance of the paraventticular nucleus in the control of sympathetic activity and nemopeptide Y as a neuromodulator, we tried to determine the. relation between neuropcptide Y as a neuromodulator and myocardiai infarction.
Myocardial infarct&n was prorhued in male S;rque&wley rats weighing 175 to 225 g by occlusion of the Iefi coronmy artery (19-21). After the animals were anesthetized with ether, the skin was incised along the left sternal border, the fourth rib was cut proximal to the sternum and retractors were inserted. The pericardial sac was perforated and the heart was exteriorized through the intercostal space. The left coronary artery was ligated -2 mm from its origin with 6-O silk suture, and the heart was repositioned in the chest. Throughout the operation, the rats were maintained on a positive-pressure ventilation system delivering a mixture of 95% oxygen and 5% carbon dioxide, together with ether. Closure of the wound was accomplished by a pursestring suture. Sham-operated animals were treated similarly, except that the suture around the coronary artery was not tied.
Animals were housed on a dark-light cycle of 12/12 h and allowed to recover in a temperature-controlled environment with free access to food and water. The animals were maintained for 2, 4 and 8 weeks before the experimental assessments. The mortality rate of alf animals operated on was 35% within 72 h after surgery. Each group had six animals 2,4 and 8 weeks aftet infarction.
To examine the general characteristics of the animals and the weight of the seat tissue, the right and left ventricles of tbe heart was taken. The weight of the left ventricle did not include the scar tissue. Fit the lungs were dissected and their wet weight measured. Before dry weight was measured, the rats' lungs were kept inside an oven for 48 h at 6C"C.
MlawliatgsiF, in vitm. Microdialysis probes (CMA/5OO+m outer diameter, 1 mm exposed dialysis membrane, Carnegie Medicine/Bio Analytical Systems) were perfused with microdialysis pertirsate (in mmohlitet: 147 sodium chloride, 4 potassium chloride, 1.2 cakium chloride, 1.1 magnesium chloride, pH 6) at a flow rate of 2.2 pl/min and mounted in Eppendorf vials containing a known concentration of norepinephrine (100 ng,+i) dissolved in microdialysis perfusate. Microdialysis probes wete calibrated before the experiments (2223). Refative recovery was defined as concentration of catecholamines in perfirsate as a percentage of the concentration of the outer medium. After calibration, the probes were set to zero on the Kopf stereotic frame /David Kopf fnstmments). Mkrodialysis in viva. Miiialywis was carried out 2 4 and 8 weeks after coronary artery ligation (6 animals in both the experimental and control groups 24 and 8 weeks after infarction). The animals were anesthetized with 4.0 mgilO0 g ketamine:0.4,mg/lOO g aylazine intraperitonealfy ano placed in a David Kopf steteotactic apparatus with the incisor bar elevated to 5 mm above the interaural line. Body temperature was maintained at 3PC by a Harvard homeothermic control pad (Harvard Apparatus, Inc.). Craniotomy was perfomred and the probe was steteotacticaffy inserted into the paraventrkular nucfeus. Coordiies used were +1.0/+0.5/-8.0 for the 2-and 4-week old animals and +i.l/+OJ/-8. 3 for the 8-weekofdanbnah,fmmtbeaerobarinmiUimeters,oftbe brain's antempo6te~/~~~ttal tegbm teSpedtiN brain at a Row rate of 2.2 r.rl/min. After the stabilization period, IO0 rd of the microdialysate samples was collected and immediately taken for tbe purification procedure before catecholamine analysis in high performance liquid chromatography.
The animals were then intracerebrally exposed to a freshly prepared solution of neuropeptide Y (concentration of 10-s mohliter) dissolved in the microdialysis pxfitsate. After an.rthet stabilization period of 1 h, 100 ~1 of microdialysate sample was again collected for catecholamiae analysii to examine the effect of neuropeptide Y.
PurMcatfnn and nempinepbrfne analysis. The puritication procedure was carried out by means of an alumina extraction protocol (Waters-Millipore, Mississauga, Ontario, Canada). Basically, the samples were treated with 2 mobliter Tris and the pH was adjusted to 8.7. Acid-washed alumina (20 mg) was added to the vial and allowed to mix for 20 min. The supematant was discarded and the alumina was washed three times with doubledistilled water. The alumina was dried on filter paper and catecholamiis were eluted from tbe alumina with 0.1 N acetic acid. Notepinephrine analysis was performed by injecting the purified samples during reverse-phase higb .xrformance liquid chromate with an efectrodKmrcal detector. High performance liquid chromatography consisted of Waters Resofve 5-m Cl8 dimethyloctadecylsifyl-bonded silica particle size in a 3.9mm X GO-mm column, a 510 pump, a U6K lid injector and a 460 electrochemical detector. The glassy carbon working electrode was set at +0.60 V versus a silver/silver chloride referencz electrode. The mobile phase consisted of Waters catecholamine eluent reagent, whii was regularly degas& and circulated at a flea rate of 0.9 ml/mm Concentrations were obtained after cbromatographii comparison with a standard containing a known concentration of notepinepbrine (100 ng@). The cbromatograpbic data were collected on a m' mmcomgutet using Baseline 810 chromategraphic workstation software.
Four mifliliten of bfood ed plasma was purified through an ahmina extra&on protocoi t Watets-Milliij similat to tbe m&&&ate sampies. Norepinephrine analysb was performed during higb performance liquid chmmatography with an electrochemical detector. Concentrations were o&a&d as in the i&ro&aly6~ (Fig. IA, B) .
The sections were then washed in chiUed Tris hydrochloride To confirm the extent of collagen deposition, histologic buffer four times for 4 mitt each, followed by a dip in chilled, secbons of the hearts of 2-, 4-and g-week old animals were double-distilled water. The sections were quickly air dried and taken and stained with h4artiu.s scarlet blue trichrome stain, then tightly juxtaposed against hydrogen-3 Hyperfilm (Amerwhich hmts the collagen fibers a blue color.
sham) sealed within Picker International cassettes. The boxes AuIndlogrttpltyfor~YRceQtors Theautowere stored at 4°C for 4 days 'before developing Measureradiogmphii technique performed in this study has been nwnw of receptor concentration were carried out using the modified from the work of M&.lel et al. (24) . There were six armputer image analysii system (Jandel Scientific). Altematanimals in each of the experimental and sham groups 8 weeks ing sections were stained with thiiin to facilitate anatomic after infatct+m.
The comparison testing. Statistical significance for all the tests was set at p < 0.05.
RlSUltS
General&aracteristicsofes@me@aiar&n&. Table1 summarizes the general dmraeteristies of the experimental animals24andSweeksafterinfaretionAsstudyoftbeleft ventride revealed sigaiit dilferences between experimental and &am-operated groups of animals. A study of the left ventride 8 weeks after infarction revealed sign&cant differems in weight between the experimental and sham groups. Evidence of cardiac hypertrophy after the initial mpolnlial inkction was observed by the increa.d mass of the remaining via& left as well as the right veotriadar mytmdim in &week old experimental animals. Furthermo~, the ieft ventriadar weight/body weight ratio was s@ScantI&gber at the 4-and &week stages in tbe cqerimeotal animals. However, no dilleremx in the scar weights of the left ventrbdar free waU was seen among the 2-, 4-or g-week old expximentai animals. Congestion of lane was evident by the &eased wet and wet/dry lung weight ratio in the g-week old experimental rats (Fig. 3), 4 weeks showed an increase of more than fourfold (p < 0.02) (Fig. 3 ) and 8 weeks showed an increase of more than ninefold (p < 0.001) (Fig. 3 After the administration of neuroneutide Y at a concentration of lo-' mohiiter, norepinephrine'levels of the paraventrkular nucleus in all theshamoperated control groups decreased by 50% to 60% when compared with the predrug basefine levels obtained before neuropeptide Y infusion (Fig.  4) . Red&on was 70% (Fig. 4 ) in 2-week old experimental animals and -XI% (Fig 4) in 4-week oid experimental animals. A significant alteration was observed in g-week old experimental animals in which the level of norepinephrine in the pruaventricular nucleus changed by only 20% from the preneuropeptide Y level (p < 0.05) (Fig. 4) . was dose dependent, we performed experiments using other concentratiuns.
such as lo-' and 10."' mohliter. The results showed similar findings as those observed with the 10~* mol/liter concentration (Fig. 5) . Thus, most of the experiments were performed with lo--* mot/liter concentration of neuropeptide Y. Preliminary results were also carried out to show that tire release of norepinephrine by neuropeptide Y was specific and not artifactual, as other peptides such as metenkephafin failed to inhibit norepinephrine retease. Plasma unrx@uephrine mu@sis. Plasma levels of norepinephrine in the 2-and 4-week old experimental groups showed no diierences in the level of norepinephrine with their shamoperated group; however, the g-week old experimental group showed a 100% increase in the amount of norepinephrine (p < 0.05) over the sbam group. Neunq@& Y receptor stndy. Figure 6B and C shows autoradiograms of neuropeptide Y receptors in the paravenhicular nucleus area of sham and experimental rats. Nonspedie binding was determined as the binding observed in the presence of 1.0 ~mobliter porcine neuropeptide Y (Pig. 6A). The densitometric measurements of these autoradiograms demonstrated a significant decrease in the number of neuropeptide Y receptors in the paraventricular nucleus of experimental rats as compared with the sham group, as measured by optical density units (Fig. 7) .
Discussion
Congestive heart failure secondary to myocardii infarction of the left ventricle has been reported to occur in rats after surgical ligation of tire left coronq artery (21). Thii model has been widely accepted for studying the pa* course of this d&ease, and our animals with large, healed infnrcts slKmd §igJis~pulwwaryedema&eardiaehypcmoph~~. Thiswaspattieularlyevidentiu8-weekoldtatsafterinfmetiou. 
